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This invention relates to ?uon'nated organic compounds 
and more particularly, is concerned with low molecular 
weight polymers, particularly those which are liquid at 
room temperature, prepared from vinylidene ?uoride. 

Liquid low polymers (usually referred to as telomers) 
of haloole?ns, particularly those containing a high pro 
portion of ?uorine are known to be ?ame resistant and 
to have superior chemical and thermal stability in con 
trast to hydrocarbon oils. Because of their non-?am 
mability and superior stability, these halocarbon oils 
may be used, for example, as lubricants, hydraulic ?uids, 
damping ?uids, etc. in applications involving exposure 
to relatively high temperatures and/ or exposure to chemi 
cal attack, which would cause hydrocarbon oils to de 
grade rapidly. Although having superior chemical and 
thermal stability, the halogenated telomer oils which 
have been thus far suggested, and particularly those con 
taining high proportions of ?uorine, have suffered from 
the disadvantage‘ of undergoing marked changes in vis 
cosity with change in temperature. This is true for 
example of commercially available telomer oils prepared 
from the ole?n chlorotri?uoroethylene which undergo 
considerably larger changes in viscosity with temperature 
than hydrocarbon oils of corresponding viscosity. Such 
a high rate of viscosity change with temperature is a 
distinct disadvantage in many,cases. For example, an 
excessive decrease in viscosity for example will seriously 
diminish the lubricant properties of an oil or its useful 
ness as a hydraulic ?uid. 
There is accordingly, a need for liquids of an oily 

nature suitable as lubricants, hydraulic ?uids and the like, 
which are non-?ammable, have relatively high chemical 
and thermal stability and which at the same time have 
desirable viscosity temperature properties, that is to say, 
which undergo relatively small changes in viscosity with 
change in temperature. 

In accordance with the present invention, a new class 
of telomers prepared from the ole?n vinylidene ?uoride 
has been found which possesses this desirable combina 
tion of properties. These new telomers are essentially 
homotelomers of vinylidene ?uoride and are character 
ized in that at least one end of the telomer-chain contain 
ing the repeating (CH2CF2) units is provided with a 
halogenated radical having at least 3 carbon atoms. In 
the ‘course of investigations leading to the present inven 
tion, it was found that the homotelomers of vinylidene 
?uoride, in the absence of such a terminal group con 
taining at least 3 carbon atoms, are either light volatile 
liquids or solids rather than liquids of an oily nature 
suitable as lubricants and the like. It was found for 
example, that vinylidene ?uoride telomers of the type 
CF3(CH2CF2),,Cl when the value of n is l and 2 are 
light liquids of little or no utility as lubricants, and 
when the value of n is three and above are solids melt 
ing above room temperature. In contrast to this latter 
type of telomers which change abruptly from light vola 
tile liquids to solids as the telomer chainlength increases, 
it becomes possible with the telomers of the invention, 
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2 
having halogenated end groups of 3 or more carbon 
atoms, to obtain relatively viscous non-volatile oils and 
greases of good lubricant ‘properties, the viscosity of 
which changes relatively slowly with temperature. The 
melting point of the telomers of the invention rather 
than increasing abruptly with increasing chain length, 
tends to increase more gradually over a relatively wider 
range of telomer chain lengths. 
The telomers of the invention may be prepared by re 

acting vinylidene ?uoride with a telogen of the general 
formula RZ where R is a halogenated radical having 
from 3 to 12 carbon atoms and preferably from 3 to 9 
carbon atoms selected from the group consisting of radi 
cals of the formula ACX2—-, 

and ACX2CHX—~, where X may be ?uorine or chlorine; 
where A and B may be aryl radicals, alkyl radicals or 
cycloalkyl radicals containing only elements selected from 

- the class consisting of carbon, halogen and hydrogen; 
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and where Z maybe iodine or bromine. When A or B 
is aryl, it is preferably phenyl. When X occurs twice 
or more in the same compound it may be the same or 
di?erent. - 

Preferably A and B are per?uoroalkyl, per?uorochloro 
alkyl, per?uorohydroalkyl, or per?uorochlorohydroalkyl 
radicals. As used herein, the term per?uoro means con 
taining only ?uorine and carbon. Per?uorochloro means 
containing only ?uorine, chlorine and. carbon. Per?uoro 
hydro means containing only ?uorine, hydrogen and car~ 
bon in which the molar ratio ‘of ?uorine : hydrogen is at 
least 1:1. Per?uorochlorohydro means containing only 
?uorine, ‘chlorine, hydrogen and carbon in which the 
molar ratio of ?uorine plus chlorine to hydrogen is at 
least 1:1. 

Particularly preferred are telogens in which R is a 
branched chain alkyl group, especially those having from 
3 to 9 carbon atoms. A particularly valuable class of 
telogens are those in which R is a branched chain per 
?uoroalkyl or a per?uorochloroalkyl radical having from 
3 to 9 carbon atoms. ' 

Generally, telogens in which Z is iodine are preferred 
since the iodide telogens generally react with vinylidene 
?uoride more readily and in better yields to give the 
desired telomers. - 

Telogens which are particularly suitable for reaction 
with vinylidene ?uoride to produce the telomers of the 
invention are: 

(IJF3 or; I or‘, or: 
CFsCFI CFzClCFI CFaClCCll' CFaéClI 

$17201 CF20] CFzCl CFa 
. CFaClCFI CFzClCClI CFCh FI CalFsCFI 

(llFs (‘117a CF: 02F; 
CFaCFaCFiCFzCFI CFsCFCFzC'FI C2F5CFI 

(F173 CFs CF: CF14 CIlFa 
CFaCFzCFzQFzCFCFzéFI OFtléFCFiéFCFRCFI 

(17F: F F - cllFs (11F; 
ICFzCFI IQI (CFa)aCI- CFaClOFCFrCFI > 

. F F ' 

CF: CF: CF: CsF1CF—-CFI 

oricidroriororiorr F2- F2 
CF: 

/ \ 
CF2ClCFC1CF—GFI CFz-CFI CF: CFI 

GFr-CF: Fr-CF: (BF: (BF: 
OF: 
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F I (liar-70F: 

F FCl-GFI 

F 

Othersuitable telogens are: 
CF: CFa CF: 

CFgCFzCFzI CF?IJFBr CzEaCFBr CaFeGFB!‘ 
C2Fs CFs CF: CF: 

OaFsClFBr CFaCFzCFzCFaéFCFnCFBI' CFJéBl‘I 
C173 CF: 

OFzBrCFBr (OF3)3CBI‘ ICFaOFCHzCFzI 
CF: CF: CF: CFa CF; - CF: 

The above telogens can be prepared in many cases by 
the addition of Ig, Bra, iodine monochloride, or iodine 
mono?uoride to the corresponding ole?n. For example, 
the telogens 

CF: 

CFaCléFI 
rs 

~ CFaCF-I 

can be. prepared by the addition of. IQ and IF respec 
tively to per?uoropropene CF2=CFCF3. The ICl adduct 
may be prepared by'treating per?uoropropene with iodine 
monochloride at e.g. 100° C. while the IF adduct may be 
prepared by treating per?uoropropene with a mixture of 
iodine and IR at a temperature of 0° C. in the presence 
of a catalyst consisting of metallic aluminum and alumi 
num iodide. The addition to other ole?ns proceeds in a 
similar fashion. Some of the longer chain telogens such as 

' or: or, or. (Ina 
CFsCF2CF2CF2CFI or CFsGFCFzCFCFzCFI 

are most conveniently prepared by telomerization reac 
tions such as described in the copending application of 
Hauptschein et al. Serial No. 701,995, ?led December 
11, 1957. For example ‘ 

CF; 

OFaCFzCFzCFaCFI 
may be prepared by the reaction of CF3CF2CF2I with 
CF3CF=CF2 at 200° C. at about 5000 lbs./ir1.2 gage as 
described in Example 1 of that application, while. ‘ 

CF; $1“: CFa 
OFat’JFOhQEOFzCFI 

may be prepared under similar conditions by the reac 
tion of » 

<|>F.=. 
omelet with CFaOFqGEq 

Reaction between the telogen and vinylidene ?uoride 
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4 
is preferably carried out using heat alone, that is in the 
absence of initiators such as ultraviolet light or peroxides, 
at temperatures ranging from about 120° C. to 350° C. 
and preferably from about 140° C. to about 250° C. 
The other reaction conditions are not critical. The 

reaction pressure may range from atmospheric to super 
atmospheric pressure such as 20,000 lbs/in? gage, pres 
sures between at about 100 and about 10,000 lbs/in.2 
gage usually being preferable. Reaction time is what 
ever is required to give satisfactory conversions and the 
optimum reaction time will depend on the particular telo 
gen employed and on the temperature. To a certain 
extent it in?uences the chain-length of the product ob 
tained. Normally the reaction time is from about 10 
minutes to about two weeks, usually from about one-half 
hour to about two days. 
The proportion of ole?n : telogen is likewise not critical 

with respect to Whether the reaction will or will not take 
place, but may be employed to influence the chain-length 
of the telomer, higher ole?mtelogen ratios favoring the 
higher molecular weight telomers. Normally the ole 
?nztelogen ratio in the reaction mixture should be be 
tween about 0.5 :1 to about 20:1 and preferably between 
1:1 and about 12:1. It is sometimes advantageous to 
start with a smaller proportion of ole?n to telogen than 
is desired in the product telomer and then add additional 
ole?n as the reaction proceeds. In this way, the range 
of molecular weights (that is telomer chain-lengths) that 
is obtained as reaction products may be decreased and 
greater yields of the desired molecular weight telomers 
obtained. 
The telomers produced by the procedures described 

above where the telogen is monofunctional (that is con 
tains only'one bromine or iodine atom) have the general 
formula R(CH2CF2)nZ where R and Z are as de?ned 
above and where n is an integer of the series 1, 2, 3, 4 
etc. Where the telogen is bifunctional (that is containing 
two iodine or bromine atoms) one or both of the iodine 
or bromine atoms may react depending on their relative 
reactivity at the reaction conditions used. If one is rela 
tively less reactive than the other only one may react 
while if they both have substantially the same reactivity 
or if su?iciently vigorous conditions are used (i.e. higher 
temperatures) both may react. In general iodides are 
considerably more reactive than bromides so that telo 
gens containing both iodine and bromine will generally 
react preferentially at the iodine atom and the bromine 
will not react at all unless relatively high temperatures 
are used. Similarly secondary iodine or bromine atoms 
(i.e. on a carbon atom linked directly to two other car 
bons) are generally more reactive than primary iodine 
or bromine atoms and consequently the secondary bro 
mine or iodine atom only may react if the reaction con 
ditions are not su?iciently vigorous. If in difunctional 
telogens both iodines or bromines react with vinylidene 
?uoride, a product is obtained having a telogen residue 
between two vinylidene ?uoride chains such as 

In these cases the three carbon atom or more halogenated 
radical serves as the end group for both chains achieving 
the desired purpose of providing lower melting telomers 
suitable as lubricant oils and the like. Telomers of 
this type may be represented by the general formula 
Z(CF2CH2)n—R1——(CH2CF2)nZ where n and Z are as 
de?ned above and where R1 is a divalent radical other 
wise similar to R as de?ned above. R1 is preferably a 
divalent per?uoroalkyl or per?uorochloroalkyl' radical 
preferably of the branched chain type. 
The telomerization reaction inherently produces a mix 

ture of telomers of varying chain-lengths and correspond 
ingly varying molecular weights. The average chain— 
length and the spread of molecular weights produced by 
thetelomerization reaction can be controlled within limits‘ 
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as discussed above by varying the reaction time, the 
ole?nziodide molar ratio, and reaction temperature. If 
desired, individual compounds can be separated from 
the mixture, e.g. by careful fractional distillation, or the 
raw mixture of telomers can be separated into fractions 
of narrower ranges of molecular weight having desired 
viscosity or other properties. It is intended that the, ap 
pended claims cover both the individual compounds and. 
mixtures of the individual compounds. , p , 
As indicated by the formula above, these telomers are 

open chain compounds in which the chain portion con 
sists of a number of vinylidene ?uoride units (CHgCFg) 
linked end to end in a straighthchain. vtByustudying the.v 
ultraviolet light maxima of these telomers intisooctane 
solution, it has been determined that the telomer chains 
terminate predominately in a —CF2Z group rather than 
a -—CH2Z group. The ultraviolet light maxima, for ex 
ample, of the iodide telomers is of the order of 270 mg 
in isooctane solution. This value is characteristic of the 
--CF2I end group,.the —CH2I end group having an 
ultraviolet spectrum maximum in isooctane of the order 
of 260 mp. Thus, while small amounts of telomer having 
—CH2Z end groups may be present, the bulk of the 
telomer product terminates in a —CF2Z group. While 
it is believed that the ole?n units in the chain are con 
nected to one another in a head-to-tail fashion, viz., 
-—CH2CF2CH2CF2CH2CF2—, the structure indicated is 
not intended to preclude random orientation of the ole?n 
in the chain in a head-to-head or tail-to-tail fashion at 
least to a minor extent. _ 
The telomers described above, having terminal iodine 

or bromine atoms have some utility in themselves as 
lubricants, hydraulic ?uids, and the like. It is generally 
preferred, however, to replace the terminal iodine or 
bromine atom with chlorine, ?uorine or hydrogen in 
order to produce telomers which are more stable to heat 
and chemical reagents. Replacement of the terminal 
bromine or iodine atom by hydrogen may be carried out 
using lithium aluminum hydride or a conventional cata 
lytic hydrogenation process. See for example Haupt 
schein, Saggiomo and Stokes, Journal of the American 
Chemical Society, 78, 680 (1956) for the use of LlAlH4 
in replacing iodine by hydrogen in per?uoro iodides. 
These same procedures may be employed in replacing the 
terminal iodine with hydrogen in the telomers of the in 
vention. 

Replacement of the terminal bromine or iodine with 
?uorine may be accomplished by treating the telomer 
bromide or iodide with?uorinating agents such as SbF3Cl2 
or a mixture of SbFa and SbCls at normal or slightly ele 
vated temperature such as from 20° C. to 150° C. 

Replacement of the terminal iodine or bromine atom 
with chlorine may be accomplished by treating the telo 
mer iodide or bromide with elemental chlorine at tem 
peratures ranging from 20° C. to 250° C. with or with 
out ultraviolet light irradiation. It has been found that 
iodine chlorides such as iodine monochloride which are 
formed as a by-product of the chlorination reaction tend 
to catalyze the formation of some double bond contain 
ing material, probably through loss of HI from the telo 
meriodide to produce unsaturated compounds of the 
probable formula R(CH2CF2)n_1CH=CF2. 
cordingly preferable to conduct the chlorination in such 
fashion that the iodine chloride by-product is removed 
from the reaction mixture as it is formed. If the iodine 
chloride is permitted to accumulate in the reaction mix-' 
ture-ole?nic‘material tends to form even at room tem 
perature. - One suitable‘ method for accomplishing this 
is to conduct the chlorination at an elevated temperature 
at which the iodine chlorides, mostly iodine monochlo 
ride, formed are kept in the vapor phase (temperatures 
of from 160° C. to 200° C. being generally suitable for 
this purpose) and to separate the more volatile iodine 
chlorides fromthetelomer chlorides. as they ‘are formed. 
A'suitable technique is to pass the liquid telomers and 
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6 
a large excess of gaseous chlorine or a smaller excess of 
chlorine mixed with an inert gas e.g. nitrogen, concur 
rently through a reaction zone, e.g. a packed column 
maintained at temperatures of from 160° C. to 200° C., 
where replacement of iodine by chlorine takes place. 
The large excess of‘gas sweeps out the iodine chloride 
vayor as it forms and’ removes it from the reaction zone 
after only a very short contact with the liquid telomer‘ 

- iodides. , Telomer chlorides are separately removed from 
the bottom of the column substantially free from iodine 
chlorides. . - > 

-_ It has also been noted that chloride ions in general tend 
to catalyze the loss of HI to form double bonds in the 

~r telomer iodides of the invention. Thus, lithium chloride 
potassium chloride and sodium chloride at temperatures 
of e.g. 100° to 200° C. surprisingly react with the telomer 
iodides R(CH2CF2)nI to produce ole?ns of the formula 
R(CH2CF2),,_1CH=CF2. These ole?ns are useful eg 
as intermediates for conversion to carboxylic acids, of 
the formula R(CH2CFz)n_1COOH which in turn may 
be converted to esters useful as lubricants. When it is 
desired to produce telomer chlorides to the exclusion 
of such ole?ns, chloride ion producing materials such as 
LiCl, KCl and NaCl should not be present. ‘ 
The telomers initially produced by the‘telomerization 

reaction, as well as those resulting from replacement of 
the terminal iodine or bromine atoms with hydrogen, 
?uorine or chlorine may be represented by the general 
formula R(CI-I2CF2)nQ where R and n are as de?ned 
above and where Q is hydrogen orhalogen. _ 
Another suitable procedure for converting the initial. 

telomer iodides or bromides into more stable products 
1s to subject the initial telomers to a coupling reaction in 

‘ which two moles of telomer are coupled end-to-end by 
elimination of the terminal iodine or bromine atom be 
tween two molecules. Thus two moles of the telomer 
iodide R(CH2CF2)nI may be coupled by the use of ultra 
violet light in the presence of mercury in accordance with 
the following reaction: ' 

Ultraviolet light 

2R(CH1OF2)11I -—g-» R(CH?OF2)u(CFICH2)nR+HgI2 
The techniques for carrying out such coupling reactions 
are described in detail in the co-pending application of 
R. N. Haszeldine, Serial No. 526,087, ?led August 2, 
1955. 
The stabilized telomers produced by coupling proce 

dures may be represented by the general formula: 

where R is as de?ned above and where n and m are in 
tegers of the series 1, 2', 3, 4,‘ and may be the same or 
different. Where mixtures of telomers are coupled hav 
ing varying chain-lengths, the values of n and m in the 
coupled telomers will generally be different. ‘Where mix 
tures of telomers having different end groups are cou 
pled the values for R may also be different in the indi 
vidual coupled compounds. . 

In order to obtain products which are liquid oils or 
soft solids at room temperature or slightly above the 
value of n in the case of ‘the nonicoupled telomers should 
not exceed about 16 and the value nr-l-m in the caseof 
the coupled telomers should not exceed about 20. The 
maximum telomer chain-length at which oils or soft 
solids are obtained will vary depending upon the size and 
con?guration of R. In general, end groups that are 
sterically bulky such as branched chain alkyl groups tend 
to increase the range of chain-lengths over which they 
telomers are liquids or soft solids, 

In order to obtain oils of suitable viscosity for lubri 
cant, hydraulic ?uid uses and the like the value of n in 
the case of the non-coupled telomers should be at least 
3, while the value of n+m in the coupled telomers should 
be at least about 6. Although the shorter chain telomers 

' are liquids','they are generally relatively light'and vola 
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tile and thus not suitable as‘lubricants. They are, how 
ever, useful for' other applicationssuch as for dielectric 
media in transformers‘ and condensers,- and may be pres 
ent in‘ small amounts inheavier' bodied oils consisting 
predominantly-‘of telomers of'higher molecular weight. 

Oils of the most useful range of viscosity are generally 
those, in the-case-of the non-coupled telomers, which 
consist predominantly of telomer'sein-which’the value of'n' 
is in the range of from 4- to 10, and in: the case‘offthe; 
coupled telomers which consist; predominantly of' telo 
mers in which the value of'n—|~m' is'in the rzingeoffb to 
15. The optimum value of n or n+m in any particular 
case will dependuponi thesizev and ‘con?guration of the, 
R end group. ' ' 

While the invention does not depend upon-any particu 
lar theory relating the structure of- thetelomers of the 
invention to the desirable properties which they display, 
it is believed that the desirable viscosity-temperature 
properties of these telomersis related to-theviscometric 
properties of the -—CH2CF§— telomer chain in which 
the alternating —CH2—-' groupsallow freer rotation than 
other con?gurations. For example it is- believed that 
--CH2CF2CH2CF2—— chains are inherently less effected 

. by changes in temperature than isomeric compounds in 
which rotation would be more restricted such as com 
pounds containing 

chains. It is 'also-believedthat" the same type of struc 
ture, i.e. the repeating -—CH2CF2—- units, is responsible 
for the ‘fact that telomers-of this typegtend to be solids 
at relatively low- molecular weights. As pointed out 
previously, it is not possible to produce liquidtoils of 
lubricant viscosity‘from the ole?n CH2_=CFz‘using 1 or 2 
carbon telogens such as CF31 or CzFsl. Instead of ob 
taining relatively heavy’ oils, solids are obtained when 
the chain contains 3' or more ole?n units. This strong 
tendency to form solids is believed due to the fact that 
the telomer chains tend to orient with one another in a 
close packed crystal type-arrangement. It is believed 
that by introducing atleast one bulky end group on the. 
telomer chain the orientation of the telomer. chains in a. 
crystalline pattern is sterically hindered, thus preventing 
a rapid transition from light liquids to crystalline-like 
solids. This explanation is borne out by the fact ‘that 
branched-chain end groups which tend to create more 
steric hindrance to the close packed orientation of the 
telomer chains are more effective in extending the range 
of molecular weights over which the telomers are liquids 
than straight chain end groups of the same molecular 
weight. Likewise, (the coupled, telomers having two end 
groups are generally liquids over a’ wider range of telo 
mer chain length than the corresponding non~coupled 
telomers. 
The new'telomers of the invention combine the advan 

tages of ?ame resistance and good chemical and, thermal 
stability with desirable viscosity temperature properties. 
The telomer oils that may be prepared in accordance 

with the invention undergo relatively smaller changes in 
viscosity with temperature than ?uorinated oils now 
available and in some cases display viscosity-temperature 
relationships approximating, those of hydrocarbon oils. 
They are thus suited as lubricants, hydraulic ?uids, damp 
ing ?uids, and for similar applications where relatively 
wide variations in temperature are involved making the 
use of other types of ?uon'nated oils impossible or in 
convenient. 
The very marked improvement in. viscosity-tempera 

ture characteristics displayed by the telomers of the in~ 
vention may be appreciated by comparing the ASTM 
viscosity slope. of telomer oils of the invention with other 
?uorinated telomer oils. The ASTM viscosity slope is the 
slope of the curve expressing, viscosity as a‘function' of 75’ 
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temperature, plotted on an ASTM (D341-43) viscosity 
chart. The‘ higher the value of the slope, the higher isv 
the rate of change of viscosity'with temperature. Highly' 
?uorinatedioils such as those based on the‘ ole?n per; 
?uoropropene- described and claimed in, the co~pending> 

Lawlor; Serial No; 1 
701,995 of "December 11‘, 1957, have ASTM" slopes of" 
the order‘ of 1:3 to_ 1.4, while perfluorochloro' telomerf 
oils based on‘ the ole?n chlorotri?uoroethylene have“ 
ASTM slopes of theorder of-l. The telomer oils of the‘ 

application of Hauptschein, Braid and 

invention on‘ the‘ other hand, display ASTM~ slopes gen 
erally Well below 1.0 audio many cases'of'the order of" 
0L7- to 0.8-approaching; the slopes displayed'by conven~, 
tiona] - hydrocarbon lubricants. 

Theinvention will be turther described with reference 
to the following speci?c examples which, however, are 
given for the purposes of illustration only and are not to' 
be taken‘ as in anyway limiting, the invention beyond‘ 
the scope of the appended-claims. In the examples, the 
following general'procedure is used. A‘ Monel or stain 
‘less steel autoclave is charged‘ with the telogen RZ and 
cooled in liquid nitrogen. Vinylidene ?uoride is ad 
mitted to the? cooled autoclave'by gaseous transfer in 
Vacuo. After warming to room temperature, the auto 
clave is shaken and heated for the period of reaction 
and then allowed to cool. Unreacted ole?n is recovered 
by condensation in refrigerated receivers and the re 
mainingproducts are, distilled in small Vigreux distilla 
tion units toeifect separation of the individual telomer 

. fractions. 

Example.1..—1§eaction.of CH2=CF2 with I. 
z'odoper?uoropropane 

160 g. (0.54 mole) of 'l-iodopei?uoropropane and 131 
g. (2.04 moles) of 1,1-di?uoroethylene (3.8:1. molar 
ratio of ole?nriodide) are heated at 181° C.’ whilev 
shaking for 23 hours. The pressure drops from 4000 
lbs/in.2 gage tov 1300 lbs/in.2 gage during theheating 
period, nearly half of the drop occurring during the ?rst 
3~hours. ' 
After recovery of 73 g. of'1,1-di?uoroethylene and‘ 8; 

grams of l-iodoper?uoropropane, the remaining 197g. 
of product consisting of telomers of the formula 
C3Fq(CH2CF'2)nI‘ is distilled and the following fractions. 
obtained: 

(a) 31%‘ yield of‘ telomer consisting essentially ofv 
a boiling point'of ‘ CgFq (CH2CF2)I the middle cut having 

55° C. at 101 mm. Hg,wa refractive index 12132343502, 
and a molecular weight of 360. Analysis-Calculated: 
C, 16.7; H, 0.56; F, {17.5. Found: C, 16.9; H, 0.65; F, 
47.6. ' 

(b) A_32% yield of telomer consisting essentially of 
C3F7(CH2CF2)2L themiddle out having a boiling point 
of 1005‘ C. at 101 mm. Hg, a refractive index 11D” 1.360, 
and a molecular weight of 424. Analysis-Calculated: 
C, 19.8; H, 0.95; F, 49.3. Found: C, 20.2; H, 1.2; F, 
49.8. " 

i (c) A_ 23% yield of telomer consisting essentially of ' 
C3F7(CH2CF2)3I, the middle out having a boiling'point 
of 111° C. at 19 mm. Hg, a refractive index nD24 1.3668 
and a molecular weight of 488. Analysis.—-Calculated: 
C, 22.2; H, 1.2; F, 50.6. Found: C, 22.4; H, 1.2; ;F’, 
50.9. , ' 

(d) A 9% yield consisting essentially of 

the middle out having a boilingpoint of 88° C. at about 
0.1 mm. Hg, a refractive index nD23- of 71.3707 and a 
molecular weight of 552. Ana1vsis.—Calculated:- C,‘ 
23.9;H, 1.5. Found: C, 23.8; H, 1.5. 

(e) A 5%‘ yield of telomers of the abovefonnula in 
which the value of n ranges from 4 to 7, the average 
value of n being about 5. This fraction has a boiling 
range of 90° to 158° C. at about 0.1 mm. Hg. 

In carrying out the procedures described abovein this;v 
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and in the following examples, free iodine is rarely 
observed, and then only to the extent of a few tenths of 
a gram, indicating the absence of signi?cant side reac 
tions under the conditions used. In this and in the fol 
lowing examples care is taken to exclude oxygen to pre 
vent reaction with the iodides. ' . . ~ 

The molar extinction coe?icients in isooctane of frac 
tions (a), (b), (c), and (d) are 318, 324, 274, and 287 
respectively. The ultraviolet spectrum maxima in iso 
octane of these fractions are 270mg, thus indicating that 
these telomers have terminated predominantly or entirely 
in —CF2I groups. ‘ 

Careful analysis can show in some cases 
of some telomers having terminal -—CH2'I groups. For 
example, fraction (a) consisting'essentially of 

is analyzed by vapor-liquid partition chromatography us~ 
ing a 2 meter Perkin-Elmer “B’_’ column operating at 76° 
C. and under a helium pressure of 30 lbs/in.2 gage and 
shown to consist of 95% C3FqCH2CF2I and 5% 
C3F7CF2CH2I. Respective elution times of air, 

and C3F'1CF2CH2I are 0.6 minute, 13.1 minutes and 14.8 
minutes. Pure specimens of these'two iodides are iso 
lated chromatographically. The ultra-violet maximum in 
isooctane solution of C3F7CH2CF2I is at 272 mp while 
that of C3FI1CF2CH2I is at mil‘. I 

Example 2.—-Reacti0n of .CH2=CF2 with 
I-iodoper?uoropropane 

The procedure of Example 1 is repeated using a molar 
ratio of CH2:CF2:C3F-;I of 2.3:1. The reaction is car 
ried out at 185° C. for 28 hours. During this time the 
pressure drops from 3800_lbs./in.2 gage to 350 lbs./in.2 
gage. A conversion of telogen to telomer of 89% is 
obtained. The product consists of a mixture of telomer 
iodides of the formula C3Fq(CI-I2CF2),,I. By distillation, 
the product is separated into the following fractions hav 
ing similar physical properties as the corresponding frac 
tions in Example 1: 

(a) A 41% yield of telomer consisting essentially of 
C3Fq(CH2CF2)I. 

(b) A 34% yield of a fraction consisting essentially 
Of C3F7(CH2CF2)2L 

(c) A 15% yield of a 
of C3F7(CH2CF2) 31. 

(d) A 6% yield of a fraction consisting essentially of 
C3‘Fq(CI-I2CF2),,I. 

(e) A 4% yield of a mixture of telomers of the above 
formula in which the average value of n is equal to 5. 

Example 3.—Flu0rination of C3F-ZH2CF2I 
Seven grams (0.028 mole) of SbF3Cl2 are placed in a 

30 milliliter round bottom ?ask ?tted with a magnetic 
stirrer and a short, packed distillation column and head. 
Ten grams (0.028 mole) of C3F7CH2CF2I prepared in 
accordance with Example 1 are added dropwise down 
the column and mixed with the antimony catalyst. Heat 

fraction consisting essentially 

{of the reaction caused the temperature to rise to 70—80° 
C. The mixture is stirred for 30 minutes and then 
heated to distill the ?uorinated product consisting of 5 
grams of C3FqCI-I2CF3 (70° yield). The crude product 
is washed with dilute aqueous sodium bisul?te solution, 
dried over anhydrous magnesium sulfate and redistilled 
to give a colorless liquid having a boiling point of 47° C. 
and shown by vapor fractometry to have a purity of 99.5 
mole percent. Analysis.-—Calculated for C5H2Fm: C, 
23.83;H, 0.79. Found: C, 23.92; H, 1.20. 

Example 4.-—Flu0rination of C3F7(CH2CF2)2I 
Following the procedure described in Example 3, 21.2 

grams (0.05 mole) of C3F-;(CH2CF2)2I prepared in ac 
cordance with Example l'is ?uorinated w1th'12.5 grams 

the presence ’ 
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(0.05 mole) of SbF3Cl2. Upon distillation of-the ?ueri'; 
nated product, 14.3 grams (90% yield) of > 

' C3Fq(CH2CF2)2F 

is obtained having a boiling point of 102° C. and shown 
by vapor fractometry to be 99.2% pure. Analysis.-— 
Calculated for C7H4F12Z C, 26.60; H, 1.26. Found: C, 
26.84; H, 1.38. > 

Example 5 .—F luorination of C3Fq(CH2CF2)3,,vI 
Following the procedure described in Example 3, 24 

grams (0.05 mole) of telomer iodide of the above ~ 
formula prepared in accordance with Example 1 in which 
the average value of n is 3 is reacted with 12.5 grams 
(0.05 mole) of SbF3Cl2 at 100° to 110° C. for 1 hour. 
The mixture is poured over ice and water, extracted 
several times with tri?uorotrichloroethane, then dried 
over anhydrous magnesium sulfate and vacuum distilled 
to give 14 grams of colorless liquid boiling from 85°‘ C. 
at 57 mm. Hg to 55° C. at 17 mm. Hg and consisting 
of telomer ?uorides of the vformula C3F7(CH2CF2),,F 
in which the average value of n is 3. 

Fifty grams (about 0.1 mole) of telomer iodides of the 
formula C3Fq(CH2CF-2)nI prepared in accordance with 
Example 1 in which the average value of n is greater 
than 4, boiling higher than 85° C. at 0.1 mm. Hg is 

I mixed with 25 grams of SbF3Cl2 and 100 milliliters of 
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tri?uorotrichloroethane and the mixture placed in a 300 
milliliter stainless steel autoclave and heated while shak-v 
ing at 100° C. for 2 hours. The autoclave is cooled in' 
an ice bath and vented. The reaction mixture is then 
poured over ice and water and washed with aqueous 
sodium bisul?te, sodium carbonate (10%) and water. 
After drying over anhydrous magnesium sulfate, the tri 
fluorotrichlorethane solvent is evaporated on a steam bath 
to give 32 grams of a reddish brown oil. Upon vacuum 
distillation, 24 grams of a pale yellow liquid with solids 
forming in the condenser at the end of the distillation was 
obtained, having a boiling range of 81° C. to 134° C. at 
about 0.1 mm. Hg. Eight grams of dark, solid residue 
remains undistilled. 

Infrared analysis of the distilled product shows a trace 
of ole?n present indicated by a weak band at 6.04M. The 
distilled product is dissolved in 100 milliliters of trichlo 
rotri?uoroethane and anhydrous ammonia is passed 
through the solution for 30 minutes at room temperature. 
The solution is ?ltered to produce about 0.1 gram of 
water soluble solids, giving positive ?uoride ion and iodide 
ion tests. The trichlorotri?uoroethane is evaporated and 
the oil product (about 24 grams) redistilled in a small 
helipack column to give a pale yellow solid having a 
boiling range of 66° to 90° C. at about 0.1 mm. Hg 
and a melting range of 29° to 35° C. consisting of telomer 
?uorides of the formula C3Fq(CI-I2CF2),,F in which the 
average value of n is somewhat greater than 4. Infrared 
analysis of this product indicates that no detectible ole-' 
?nic material is present. 

Example 7.—Flu0rination of C3Fq(CH2CF2)n>4I 
Fifty grams of telomer iodides of the above formula 

prepared in accordance with Example 1 in which the 
average value of n is somewhat greater than 4 is placedf 
in a 300 milliliter stainles steel autoclave together with 
18 grams (0.1 mole) of SbFg, 30 grams (0.1 mole) ,of, 
SbCls and 100 milliliters of tri?uorotrichloroethnae. Thej 
autoclave is heated at 110° C. for 2 hours while shaking 
and then cooled to room temperature and opened. Coni‘? 
siderable free iodine is apparent indicating ?uorination 
has occurred. The mixture is washed with aqueous. 
sodium bisul?te solution, then with water, and then dried 
over anhydrous magnesium sulfate. The trichlorotri-_ 
fluoro'ethane solvent is evaporated, leaving 31 gramsof. 
a brown oil having a boiling range of 57 _-to 87°‘ C. ar 
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about 0.1 mm. Hg. Upon vacuum distillation a slightly 
orange colored solid is obtained which gives a positive 
Beilstein test indicating incomplete ?uorination. The 
infrared spectrum shows a very slight trace of ole?nic 
product present indicated by a small peak at 6.1/4. The 
product thus consists of telomer ?uorides of the formula 
C3F7(CH2CF2)11F where the average value of n is some 
what greater than 4 and containing minor amounts of 
corresponding telomer iodides which escaped ?uorination. 

Chlorine is passed through 23 grams (0.64 mole) of 
C3F7CH2CF2I prepared in accordance with Example 1 
at room temperature in a quartz reactor illuminated with 
a Hanovia ultra-violet lamp. A layer of liquid iodine 
monochloride is formed. After 2 hours the reaction 
mixture is poured over ice and water and washed with 
aqueous sodium bisul?te solution, then with water, and 
then dried over anhydrous magnesium sulfate to give a 
yield of 13.5 gram (80% yield) of product oil which 
upon distillation gives 10.8 grams of a colorless liquid 
having a boiling point of 68 to 70° C. Vapor-liquid par 
tition chromatographic analysis of the latter liquid using 
a 2 meter Perkin-Elmer “B” column at 30° C. and a 
helium pressure of 30 lbs./in.2 gage showed that the main 
fraction consists of two components, namely, 85% of 
C3F7CH2CF2C1 and 15% of C3FqCH:CF2. Respective 
elution times of air, C3F7CH=CF2 and CaFqCHgCFgC]. 
are 0.5 minute, 1.2 minutes and 8.6 minutes respectively. 
The two components are separated and isolated chro 

matogrpahically. The ole?n is identi?ed by its infrared 
spectrum which is identical to that of a known sample 
prepared in accordance with Example 9. Analysis of 
C3F7‘CH2CF2Cl.——Ca1culated for C5H2C1F9i ’C, H, 
0.75. Found: C, 22.47; H, 1.34. 
The formation of the ole?nic compound during the 

chlorination appears to be catalyzed by iodine mono 
chloride formed during the reaction. By removal of io 
dine monochloride from the reaction mixture it is pos 
sible substantially to avoid the formation of unsaturated 
material in the course of the chlorination as illustrated 
in examples which follow. 

Example 9.——Reacti0n 0f C3F7CH2CF2I with lithium‘ 
chloride 

This example shows the effect of chloride ion from a 
source other than iodine monochloride on the forma 
tion of double bonds by loss of H1 from the telomer io 
dides of the invention. A mixture of 10 grams . of 
C3F'7CH2CF2I (fraction (a) of Example 1). 4.2 grams 
of lithium chloride and 15 milliliters of dimethyl forma 
mide is placed in a still and stirred. The temperature is 
gradually raised from 30° C. to 155° C. over a total 
period of about 2 hours, and a colorless distillate is col 
lected in the receiver having a boiling point of 36 to 37° 
C. The distillate is washed with water, dried over an 
hydrous magnesium sulfate and redistilled to give 4.6 
grams (71% yield) of 2-hydroper?uoropentene-1, 
C3F'1CH:CF2, shown by vapor fractometry to be of 
99 mole percent purity, the infrared spectrum. of which 
shows a strong peak at 5.70,:1 characteristic of the 
—-C=C- stretching vibration. Anlaysis.—Calculated 
for C5HF9: C, 25.88; H, 0.44. Found: C, 25.47; H, 
0.54. 
Water is added to the reaction residue which remains 

undistilled to dissolve lithium chloride and the unreacted 
iodide is recovered and analyzed by vapor-liquid chroma 
to'graphy and shown to consist of 86% C3FqCH2CF2I 
and 14% of C3F7CF2CH2I. The increase in the amount 
of telomer in the reaction residue terminating in a CH2I 
group results from the fact that dehydroiodination of this 
latter end group does not take place in the presence of. 
lithium chloride, the dehydroiodination apparently being 
confined to telomers terminating in a .—..CYF2I group. 

the original content of 5% of telomers having 
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12 
.—.CH2I end groups increased to 14% after the lithium 
chloride reaction.‘ 

Example 10.——.Reqc!i0n of CHFCFQ with 2_-i0doper 
- ?uorobutane 

A '1 liter 316-stainless steel autoclave was charged with 
402 g. (1.17 moles) of 2-io'doper?uorobutane and 228 g. 
(3.56 moles) of 1,1-di?uoroethylene and heated at 175° 
to, 190° C. 'with shaking for 19 hours. 75 grams of ole 
?n is recovered. The remaining products consist of a 
mixture of telomers of the formula 

These are distilled under reduced pressure to separate the 
following fractions: 

(a) 101 g. consisting essentially of telomer of the 
above formula in which the value of n equals 1, the 
middle cut of which has a boiling point of 67° C. at 100 
mm. Hg, a refractive index r1132‘) 1.3501, and a molecular 
weight of 410. Analysis-Calculated: C, 17.6; H, 0.49. 
Found: C, 17.9; H, 0.69. 

(b) 200 g. consisting essentially of telomer in which 
the value of n equals 2, the middle cut of which has a 
boiling point of 109° C. at 100 mm. Hg, a refractive in 
dex 211325 1.3573 and a molecular weight of 474. Anal 
ysis.-—Calculated: C, 20.3; H, 0.85. Found: C, 20.0; 
H, 0.94. ' 

(0) 155g. of a mixture of telomers of the above 
formula in which the average value of n- equals 3, hav 
ing a boiling range of 35 to 73° C. at about 0.1 mm. Hg, 
the middle cut of which consists essentially of telomer in 
which the value of n is equal to 3, having a boiling point 
of 96° C. at 8 mm. Hg, a'refractive indexing.28 1.3630 and 
a molecular weight of 538. Analysis-Calculated: C, 
22.3; H, 1.1. Found: C, 22.6; H, 1.2. 

(d) 40 g. of a fraction consisting of telomers of the 
above formula in which the average value of n is equal 
to 4, having a boiling range of 47° C. to 75° C. at less 
than 0.1 Hg, the middle cut of which consists essen 
tially of telomer in which the value of n equals 4, hav 
ing a "boiling point of 127° C. at 8 mm. Hg, a refractive 
index 121,28 1.3671 ‘and a molecular weight of 602. Anal 
ysis.—Ca-lculated: C, 23.9; H, 1.3; F, 53.7. Found: C, 
24.2; H, 1.3; F, 53.4. 
The above ‘fractions contain from light to viscous oils 

at room temperature Fractions 1 and 2 show ultraviolet 
spectrum maxirna in isooctane of 272 and 270 respec 
tively and molar extinction coe?icients in isooctane of 
331 and 333 respectively, thus indicating that the telomers 
consist essentially of those having a --CF2I end group. 

Example 11.—Chl0rination of 
C2F5CF(CF3) [CH2CF2],,I 

A fraction of telomer iodides of the above formula 
prepared in accordance with Example 10, in which the 
average value of n is 5, is reacted photochemically with 
a slight stoichiometric excess of chlorine at room tem 
perature. The product consists predominantly of the 
telomer chlorides C2F5OF(CF3) [CH2CF2]nOl where the 
average value of n is 5 and has an ASTM viscosity-tem 
perature slope of the order of 0.8. Minor amounts (of 
the order of 15% 
are also formed probably through the loss .of H1 to pro 
duce unsaturated telomers of the probable formula 

3) [CH2cF2]4avCH:CF2 
Loss of HI to form double bonds, appears to be catalyzed 
by iodine monochloride, as previously explained. By 
removal of iodine monochloride from the reaction mix 
ture, it is possible to substantially avoid the formation of 
unsaturated telomers in the course of the chlorination as 
illustrated by the following example. 

Example I 2.—Chl0rination of 
C2F5CF(CF3) [CH2CF2]nI 

A fraction of telomer iodides of the above formula 

) of telomers containing double bonds ' 
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prepared in accordance with Example 10 in which the 
average value of n is 6 is heated to a temperature of 
160° C. and then metered drop by drop (while excluding 
oxygen) downwardly into the top of a vertical glass tube 
packed with glass helices and evenly heated by a furnace 
to a temperature of 160 to 180° C. An excess of chlo 
rine preheated to 160° C. is passed into the top of the 
column and ?ows downwardly concurrently with the 
liquid telomer iodide. Replacement of iodine by chlorine 
and formation of iodine chlorides occur. The iodine 
chlorides separate from the liquid telomers as a vapor and 
the vapor is swept downwardly through the column by the 
stream of chlorine. At the bottom of the column the 
descending mixture of chlorine and iodine chloride vapor 
is swept out of the column by a stream of nitrogen intro 
duced near the bottom of the column for this purpose. 
The liquid telomer chlorides ?ow out of the bottom of 
the column into a receiving flask. By the above pro_ 
cedure the iodine chlorides formed during the chlorina 
tion are removed from the reaction zone after only a 
very short contact with the telomer. The product con 
sists substantially entirely of telomer chlorides of the 
formula C2F5CF(CF3) [CH2CF2]nCl where the average 
value of n is 6 and is essentially free from ole?nic ma 
terial. This telomer oil has an ASTM viscosity-tempera 
ture slope of the order of 0.75. 

Example 13.—Flu0rinati0n of 
C2F5CF(CF3) [CH2CF2] n1 

A fraction of telomer iodides of the above formula 
prepared in accordance with Example 10 in which the 
average value of n is equal to about 5 is ?uorinated in 
the presence of a slight molar excess of SbF3Cl2 in a tri 
ch-lorotri?uoroethane solvent in a stainless steel auto-_ 
clave at 100° C. for 2 hours following the procedure of 
Example 6. The crude ?uorinated product is worked 
up as in Example 6 to give a viscous oil consisting of the 
mixture of telomer ?uorides of the formula 

where the average value of n is 5, having ASTM viscosity 
temperature slope of the order of 0.8. 

Example 14.--Flu0rination of 
C2F5CF(CF3) [CI-IZCF 2],,1 

A fraction of telomer iodides of the’ above formula 
prepared in accordance. with Example 10 in which the 
average value of n is about 6 is ?uorinated in a stainless 
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191° C. with agitation for 64 hours. During the heating 
period, the pressure drops from 3600 lbs/in.2 gage to 
1000 lbs/in.2 gage. 1 

35 g. of ole?n are recovered; none of the reactant iodide 
is isolated. The remaining product is an oil at room 
temperature consisting of telomer iodides of the formula 

is fractionally distilled under reduced pressure and the fol 
lowing fractions obtained: 

(a) 25 g. boiling up to 97° C. at 10 mm. Hg, con 
taining mostly telomers of the above formula where the 
value n is 1 and 2. 

(b) 45 g. consisting essentially of telomers of the above 
formula in which the value of n is 3, the middle cut of 
which has a boiling point of 116.5 to 117.5° C. at 10 mm. 

- Hg, a refractive index 111319 1.358 a molecular weight of 

20 

25 

30 

638, an ultraviolet spectrum maximum in isooctane of 
269 111,11. and a molar extinction coefficient in isooctane of 
259. Analysis-Calculated: C, 22.6; H, 0.95. Found: 
C, 22.5; H, 0.63. 

(c) 65 g. of telomers of the above formula in which 
the value of n ranges from 4 to 5, having a boiling range 
of 131 to 145° C. mm. Hg. 

(d) '82 g. of telomers of the above formula in which 
the average value of n is 5.5, having a boiling range of 
160° C. at 9 mm. Hg, to 200° C. at 8 mm. Hg. 

(e) 35 g. of telomers of the above formula in which 
the average value of n is about 8 and containing mostly 
telomers in which the value of n ranges from 7 to 9, 
having a boiling range of 156° C. to greater than 225° C. 
at 0.1 mm. Hg. 

Fractions (a) to (d) are liquids at room temperature 
ranging from light to heavy oils while fraction (e) con 
sists mostly of distillable solids. 

Example 17.-—C0apling C4F9CF(CF3) [cHzCFzlnl 
12.5 grams (0.19 mole) of telomer iodides of the 

above formula prepared in accordance with Example 16 
0 in which the average value of n is 3.5 are placed in a 

45 

steel autoclave in the presence of a mixture of SbF3 and . 
SbCl5 and a trichlorotri?uoroethane solvent at a tempera 
ture of 110° C. for 2 hours. The crude ?uorinated 
product is washed with aqueous sodium bisul?te solution, 
then water and dried over anhydrous magnesium sulfate. 
The trichlorotri?uoroethane is evaporated 'to give a 
viscous oil consisting of a mixture of telomer ?uorides 
of the formula C2F5CF(CF3) [CH2CF2]nF where the 
average value of n is about 6, having an ASTM viscosity 
temperature slope of the order of 0.75. 

Example 15.—Hydr0genation of 
CZF5CF(CF3) [CH2CF2]nI 

A fraction of telomer iodides of the above formula 
prepared in accordance with Example ‘10 in which the 
average value of n is equal to about 5, is reacted with 
a slight stoichiometric excess of LiAlH4 at approximately 
room temperature using ethyl ether as a solvent. A mix 
ture of telomers of the formula 

czr?cmcra) (CHZCFQnH 
are obtained in which the average value of n is about 5. 

Example 16.-—Reaction of CH2=CFz with 2-i0d0per 
?uorohexane 

A 300 ml. Monel metal autoclave is charged with 170 
g. (0.38 mole) of Z-iodoper?uorohexane and 139 g. (2.17 
moles) of 1,1-di?uoroethylene and heated at 188° to 
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Vycor tube together with 8 milliliters of mercury and 
10 milliliters of 1,1,2-trichlorotri?uoroethane as solvent. 
The tube and contents is shaken while exposed to ultra 
violet irradiation for five days. 
The coupled product is an oil having a boiling range 

of 170° to 230° C. at about 0.1 mm.- Hg having the 
formula ’ ’ 

where the average value of n is 3.5. This oil has the 
following viscositiesz’318 cs. at 78.4° F., 58.7 cs. at' 
123.8° F., 10 cs. at 197.8‘1 F. The ASTM slope of this 
oil (from 78° to 198° F.) is 0.87. The conversion and 
yield are 83%. 

Example 18.-—Coupling C4F9CF(CF3) [CH2CF2] III 

14 g. (0.018 mole) of telomer iodides of the above 
formula prepared in accordance with Example 16 in 
which the average value of n is 5.5 is placed in a Vycor 
tube together with 8 milliliters of mercury and 10 milli 
liters of 1,1,2-trichlorotri?uoroethane and the tubes and 
contents shaken while exposed to ultraviolet light for 5v 
days. A conversion and yield of 85% of a coupled pro 
duct is obtained consisting of an oil, partially solid at 
25° C., having a boiling range of from 180° C. to 260° 
C. at about 0.1 mm. Hg, and having the formula 

where the average value of n is 5.5. This oil has the 
following viscosities: 520 cs. at 100° F. (extrapolated);' 
204 cs. at 123.8° F.; 26.5 cs. at 197.8° F.; 21.8 cs. at 
210° F. (extrapolated). The ASTM slope 
(from 124° F. to 198° F.) is 0.77. . Y 

of this’ oil 
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Example I,9.—Reacti0,n. of CHZ=CFZI withl-chloro-Z 
iadonhexa?uoropropane 

1,1-di?uoroethylene and 1-ch-loro-2-iodohexaliuoropro 
pane in the molar ratio ole?n : iodide of 4:1 is heated" at 
185° to 188° C. for 23 hours in an autoclave. The 

- pressure decreases from 3500 ‘lbs/in.2 gage to. 700 lbs./ 
in.2 gage during this period. 
A 96% conversion of the iodide to telomers of the for 

mula CF3CF(CF2CI) [CI-I2CF2] n1 isobtained. The prod 
uct iodides are dis-tilled and separated into the following 
fractions: 

(a) An 18% yield of telomers of the above formula 
consisting essentially of those in which the value of n 
is 1, the middle cut of which boils from 68—69° C. at 72 
mm. Hg, has a refractive index 121326 1.387, a molecular 
weight of 377. Analysis-Calculated: C, 16.0; H, 0.54. 
Found: C, 16.9; H, 1.1. 

(b) A 29% yield of telomers of the above formula 
Where the value of n is essentially 2,. the middle cut of 
which has a boiling point of 112° C. at 72 mm. Hg, a 
refractive index of 121326 1.3880, and a molecular weight 
of 441. Analysis.-Calculated: C, 19.1; H, 0.92. 
Found: C, 19.1, H, 1.2. ' i 

(c) A 26% yield of telomers of the above fonnula 
where the value of n is essentially 3, the’ middle cut of 
which has a boiling point of 114—115° 
a, refractive index my“ 1.387 and a molecular weight of 
505. Analysis-Calculated: C, 21.4; H, 1.2. Found: 
C, 21.9; H, 1.4. 

(d) A 16% yield of ‘telomers of the above, formula, 
where the value of n is essentially 4, the'middle out of 
which has a boiling point of 145° C. at 6; mm. Hg, a 
refractive index 113.29 1.3892 and a molecular weight of 
569. Analysis-Calculated: C, 23.2; H, 1.4. Found: 
C, 23.4; H, 1.4. 

(e) A 7% yield of telomers of the above formula, in 
‘which the value of n is essentially 5, the middle cut of 
which has a boiling point of 112° C. at about 0.1 mm. 
Hg, a refractive index nD3° of 1.389 and a molecular 
weight of 633. 
Found: C, 25.2; H, 1.8. 

(f) ‘A 4% yield of telomers of the above formula in. 
which the average value of n is 6, the middle cut ofwhich 
(11:6) has a boiling point of 131° C. at about 0.1 mm. 
Hg, a refractive index 11])“ 1.390, and a molecular weight 
of 697. Analysis.—-Calculated: C, 25.9; H, 1.7. Found 
C, 26.4; H, 1.8. 

Fractions (a) to (f) inclusive have molar extinction 
coef?cients in isooctane of 331, 323, 335, 336, 318 and 
317 respectively. The ultraviolet spectrum maxima in 
isooctane of these fractions are respectively, 272, 270, 
270, 270, 270, and 270 1111.0, thus indicating that the telom 
ers have a terminal —-‘CF2I end group. 

Example 20.—~Reaction of CF2=CH2 with I-chloro-Z 
i0d0hexa?u0r0pr0pane 

The reaction of Example 19 is repeated using a tem 
perature of 180° C. and a reaction time of 65.5 hours. 
Initial pressure is 4350 lbs/in};v gage decreasing to 400v 
1bs./in.2 gage at the end of the run? A 96% conversion 
of iodide to telomers of the formula I 

CF3CF(CF2Cl) [CH2CF21n'I . 
is obtained which is separated into the following frac~ 
tions: 

(a) A 6%. yield of telomers where n equals 1., 
(b) A 20% yield of telomers where n equals 2; 
(c) A 25 %’ yield of telomers where :2 equals 3. 
(d) A 21% yield of telomers where n equals, 4. 
(e) A 17% yield ‘of telomers where 1: equals 5. 
(f) An 8% yieldfof a. mixture of telomers in which‘ 

the average value of nis 6. ' ' ' ‘ 

(g); A 3%, of a mixture of telomers inwhich. the av 

C. at 9 mm. Hg,’ 

Analysis.—Calculated:. C, 24.7;'H, 1.6.’ 
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erage-value of n is equal to, 8, including. telomers. where. I 
the value of n ranges from, about 7‘to 1~0.inclus'ive. . 

; exposed to ultraviolet irradiation for 6 days. 

“ ASTM slope of this oil (from 

Example- 21.—Coupling of CF3CF(CF2CI) [CH2CF2],,I 
2,0 g. (0.036 mole) of telomers of the above formula 

prepared'in accordance with Example 19 in which the 
average value of n is 3.9, together with 8 milliliters of 

~ mercury and 10 milliliters of 1,1,2-trichlorotri?uoro 
ethane are-placed in a» Vycor tube which is then shaken 
under ultraviolet light at room temperature for 4 days. 
A heavy oil product is obtained in 83% yield having a 
boiling range of 153° C. to 240° C. at about 0.1 mm. Hg, 
and having the formula 

where the average value of n is 3.9. This oil has the 
following viscosities: 455 cs. at 78.4” F. 
100° F. (extrapolated), 86.4 cs. at 123.8" 
197.8° F., 11.95 cs. at 210° F., (extrapolated). The 
ASTM slope of this oil (from 78° to 198° F.) is.0.79. 

Example 22.—Coupling of CF3CF(CF2Cl) [CHzCF?nl 
22 g. (0.035 mole) of telomers of the above formula 

prepared in accordance with Example 19 in which the 
average value of n is 4.9, together with 8 milliliters of 
mercury and 10 milliliters of 1,1,2-trichlorotri?uoro 
ethane are placed in a Vycor tube which is shaken while 

A yield 
of coupled product of the 

, 181 cs. at 

and conversion of 70% 
formula 

a heavy oil (partially solid) at 25° C. is obtained having 
a boiling range of 153° C. to 210° C. at less than 0.1 
mm. Hg. This oil has the following. viscosities: 610 cs. 
at 100° F. (extrapolated), 249 cs. at 123° F., 34.6 cs. 
at l97.8° F., 28 cs. at 210° F. (extrapolated). ’ The 

124° F. to 198° F.) is 
0.71. 

Example 23.—Chl0rination ofv 
CF 2ClCF( 0P3) [CH'gCFzlnI' 

A fraction of telomer iodides of the above formula 
prepared in accordance with Example 19in which the 
average of n is about 7~is chlorinated at a temperature 
of 160-180“ C. in the same manner as described in 
Example 12. A telomer chloride product is obtained 
consisting of, telomers. of the. formula ‘ 

in which the average value of n is about 7, a very viscous 
oil having an ASTM viscosity-temperature slope of the 
order of 0.7. 

Example 24.-Fluorinatz'on of’ 

A. fraction of telomer iodides prepared in accordance 
with Example 19 of the above formula. in which the. 
average value of n is about 6. is ?uorinated by treatment 
with a slight molar- excess of‘ SbFSCI-Z at atemperature 
of 100° C. for 4, hours following the procedures of 
Example 6. The ?uorinated product consists of telomer 
?uorides of the" formula CF2ClCF(CF3) [CH2CF2]nF 
where the average value of n is about 6,‘ a viscous oil 
having anASTM viscosity-temperature slope of the order 
of I0.75: 

Example 25.—_-Reacli0n 0]‘ CH2=CFawith 1,2-dibromo 
per?uoropropane' 

A 300 milliliterMonel autoclave is charged with 201.5 
g. (0.65 mole) of 1,2-dibromoper?uoropropane and 
cooled with liquid nitrogen. By gaseous transfer in, 
vacuo, 131 g. (2.05 moles)_of 1,1-di?uoroethylene is in 
troduced into the autoclave which is then heated at 220° 
C. for. 119 hours while shaking. The pressure drops from 
6200. to 1900 lbs/in.2 gage during this time. 70 g. of‘ 
ole?nand 95 g. of the reactant dibromide are recovered. 

F., 14.6 cs. ati' 
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The remaining product (116 g.) consists of a mixture 
of telomer bromides of the formula 

which is distilled into the following fractions: 
(a) 10 g. boiling up to 63° C. at 10 mm. Hg, con 

sisting of clear, colorless liquid. 
(b) 4 g. having a boiling range of 54° to 82° C. at 

about 0.1 mm. Hg, consisting of a clear, colorless oil. 
(0) 4 g. having a boiling range of 82° to 127° C. at 

0.1 mm. Hg, consisting of a colorless oil. 
(d) 12 g. of a solid having a melting point of 25° to 

greater than 35° C. and a boiling range of 127° to 195° 
C. at about 0.1 mm. Hg. 

(e) 13 g. of a solid having a melting point of 50° to 
55° C. and a boiling range of 180 to 310° C. at less 
than 0.1 mm. Hg. 

(1‘) A residue of 10 g. remains undistilled at tempera 
tures higher than 310° C. at less than 0.1 mm. Hg. 

This application is a continuation-in-part of copending 
application Serial No. 663,005, now abandoned, ?led 
June 3, 1957, of Murray Hauptschein and Milton Braid 
for Fluorinated Organic Compounds. 
We claim: 
1. Compounds of the general formula R(CH2CF2)nQ 

where Q is selected from the class consisting of halogen 
and hydrogen; where n is an integer, and where R is a 
halogenated radical having from 3 to 12 carbon atoms 
selected from the class consisting of ACX2—, 

and ACX2CHX- radicals, where X is selected from the 
class consisting of ?uorine and chlorine, and A and B are 
alkyl radicals containing only elements selected from the 
class consisting of carbon, halogen and hydrogen. 

2. Compounds in accordance with claim 1 wherein A 
and B are selected from the class consisting of per?uoro 
alkyl, per?uorochloroalkyl, per?uorohydroalkyl, and per 
?uorochlorohydroalkyl radicals. 

3. Compounds in accordance with claim 2 wherein said 
alkyl radicals are branched chain radicals. - 

4. Compounds in accordance with claim 1 in which R 
is selected from the class consisting of branched chain 
per?uoroalkyl and branched chain per?uorochloroalkyl 
radicals having from 3 to 9 carbon atoms. 

5. A ?uorinated oil comprising compounds of the 
formula R(CH2CR2),,X where n is an integer having a 
value in the range of from 3 to 16 inclusive and where 
R is an halogenated radical having from 3 to 12 carbon 
atoms selected from the class consisting of ACX2- 

ii 
and ACX2CHX— radicals Where X is selected from the 
class consisting of ?uorine and chlorine, and where A 
and B are alkyl radicals containing only elements se 
lected from the class consisting of carbon, halogen and 
hydrogen. 

6. A ?uorinated oil consisting predominantly of com 
pounds as de?ned in claim 5 wherein the value of n is in 
the range of from 4 to 10 inclusive. 

7. A ?uorinated oil comprising compounds of the 
formula R(CH2CF2),,X where X is selected from the 
class consisting of ?uorine and chlorine, where n is an 
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18 
integer having a value in the range of from 4 to 10 and 
where R is a halogenated radical having from 3 to 12 
carbon atoms selected from the class consisting of per 
diuoroalkyl, per?uorochloroalkyl, per?uorohydroalkyl and 
per?uorochlorohydroalkyl radicals. 

8, A ?uorinated oil comprising compounds of the 
formula CF3CF(CF2Cl) [CH2CF2],,X where n is an in 
teger in the range of from 4 to 10 inclusive and where 
X is selected from the class consisting of chlorine and 
fluorine. 

9. A ?uorinated oil comprising compounds of the 
formula C2F5CF(CF3)[CH2CF2],,X where n is an in 
teger in the range of from 4 to 10 inclusive, and where 
X is selected from the class consisting of chlorine and 
?uorine. . 

10. A ?uorinated oil comprising compounds of the 
formula C4FQCF(CF3)[CHZCF2],,X where n is an in 
teger in the range of from 4 to 10 inclusive and where 
X is selected from the class consisting of chlorine and 
?uorine. 

11. A ?uorinated oil comprising compounds of the 
general formula 'R(CH2CF2),,(CF2CH2)mR were n and 
m are integers and the value of n+m is in the range 
of from 6 to 20 inclusive, and where R is a halogenated 
radical having from 3 to 12 carbon atoms selected from 
the class consisting of ACX2—, 

and ACX2CHX— radicals, where X is selected from the 
class consisting of fluorine and chlorine, and where A and 
B are alkyl radicals containing only elements selected 
from the class consisting of carbon, halogen and hydrogen. 

12. A ?uorinated oil consisting predominantly of com 
pounds as de?ned in claim 11 wherein the value of n-l-m 
falls in the range of from 6 to 15. 

13. Fluorinated oil in accordance with claim 12 where- I 
in R is selected from the class consisting of per?uoro 
alkyl, per?uorochloroalkyl, per?uorohydroalkyl and per 
?uorochlorohydroalkyl radicals. 

14. Fluorinated oil comprising compounds of the 
formula 

where n and m are integers, the sum of n-l-m being in the 
range of from 6 to 15 inclusive. 

15. Fluorinated oil comprising compounds of the 
formula 

where n and m are integers, the sum of n-i-m being in 
the range of from 6 to 15 inclusive. 

l6. Compounds in accordance with claim 1 in whichv 
Q is iodine. 
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